The Survey of Hi in Extremely Low-mass Dwarf galaxies (SHIELD) is an on-going multi-wavelength program to characterize the gas, star formation, and evolution in gas-rich, very low-mass galaxies. The galaxies were selected from the first ∼ 10% of the Hi ALFALFA survey based on their inferred low Hi mass and low baryonic mass, and all systems have recent star formation. Thus, the SHIELD sample probes the faint end of the galaxy luminosity function for star-forming galaxies. Here, we measure the distances to the 12 SHIELD galaxies to be between 5 − 12 Mpc by applying the tip of the red giant method to the resolved stellar populations imaged by the Hubble Space Telescope. Based on these distances, the Hi masses in the sample range from 4 × 10 6 to 6 × 10 7 M ⊙ , with a median Hi mass of 1 × 10 7 M ⊙ . The TRGB distances are up to 73% farther than flow-model estimates in the ALFALFA catalog. Because of the relatively large uncertainties of flow model distances, we are biased towards selecting galaxies from the ALFALFA catalog where the flow model underestimates the true distances. The measured distances allow for an assessment of the native environments around the sample members. Five of the galaxies are part of the NGC 672 and NGC 784 groups, which together constitute a single structure. One galaxy is part of a larger linear ensemble of 9 systems that stretches 1.6 Mpc from end to end. Two galaxies reside in regions with 1 − 4 neighbors, and four galaxies are truly isolated with no known system identified within a radius of 1 Mpc.
INTRODUCTION
Historically, optical surveys have cataloged the majority of dwarf galaxies in the nearby universe. However, optical identification of systems populating the extremely low-mass end of the galaxy luminosity function are hampered by the intrinsic faintness and small angular size of such systems. These low luminosity systems dominate the local population of galaxies and are important tracers of the distribution of mass. Outside of a dense group or cluster environment where low mass galaxies do not repeatedly experience ram pressure and/or tidal stripping of their ISM, populations of such extremely low mass dwarfs are expected to be predominantly gas-rich. Thus, large Hi surveys offer an opportunity to identify and catalogue such systems in a statistically complete volume.
The Arecibo Legacy Fast ALFA (ALFALFA) survey (Giovanelli et al. 2005; Haynes et al. 2011 ) is a blind extragalactic Hi survey to map the nearby Hi universe over 7000 sq. degrees of high Galactic latitude sky. With an Hi mass detection limit as low as 10 6 M ⊙ for galaxies in the local universe and 10 9.5 M ⊙ at the survey velocity limit of z ∼ 0.06, the ALFALFA survey was designed to populate the faint end of the Hi mass function over a cosmologically significant volume. The low mass end of the Hi mass function has been sampled by previous studies including the wide area Hi Parkes All-Sky Survey (HIPASS; Barnes et al. 2001; Meyer et al. 2004; Wong et al. 2006) . However, ALFALFA has higher angular and spectral resolution and higher sensitivity. Thus, the ALFALFA catalogue provides a representative sampling of the Hi mass function to lower masses in a much larger volume.
The Survey of Hi in Extremely Low-mass Dwarf systems (SHIELD; Cannon et al. 2011 ) was designed to probe the early release of the ALFALFA dataset in a systematic investigation of nearby galaxies with HI masses 10 7 M ⊙ outside the Local Group. From the first ∼ 10% of the processed ALFALFA survey data, 12 systems were selected that had gas mass estimates between 10 6 − 10 7 M ⊙ based on Hi line widths and flow-model distances, and overall low masses based on an Hi full width at half maximum < 65 km s −1 which discriminated against gas-poor massive galaxies. The high positional accuracy of the ALFALFA survey (i.e., better than 20 ′′ ) facilitated the identification of optical counterparts in SDSS imaging, revealing young, blue stellar populations in each galaxy. These low mass systems have retained Hi mass reservoirs of 10 6 − 10 7 M ⊙ over a Hubble time, apparently evolving in relative quiescence, and all have recent star formation activity, consistent with all previous observations of dwarf irregular galaxies (e.g., Hunter et al. 1982) .
Once the presence of stellar components was confirmed with SDSS imaging, follow-up observations became possible in order to obtain accurate distance measurements and to probe the evolutionary histories of the galaxies. Accurate distances to these very low mass galaxies are important for a number of reasons. First, accurate distances to galaxies reduce uncertainties in the Hi mass function made possible by the AL-FALFA survey. Second, distance measurements enable distance dependent analyses of the individual systems to be placed on an absolute scale. For example, the distance measurement of 1.72 +0.14 −0.40 to a newly discovered, extremely metal-deficient galaxy from the ALFALFA survey, Leo P, allows interpretation of the star formation and evolutionary processes to be placed on solid ground (Giovanelli et al. 2013; Rhode et al. 2013; Skillman et al. 2013; McQuinn et al. 2013) . Third, combining Hi velocity measurements and accurate distances allows an assessment of environment. Most dwarf galaxies are thought to exist in some form of association with other galaxies (Tully et al. 2006) , with truly isolated galaxies the exception even in low density environments. The Nearby Catalog of Galaxies (Karachentsev et al. 2013 ) compiles measurements of 869 galaxies within 11 Mpc, including calculations of tidal indices that parameterize the likelihood of neighboring galaxies being kinematically bound in groups. Clearly, such work depends critically on accurate distance measurements. Finally, Hi velocity measurements and accurate distances enable low mass galaxies to be used to help trace the distribution of matter in larger low-density galaxy volumes. Significant effort has been made to map the distribution of galaxies locally. The very local Hubble flow (0.7 Mpc < D MW < 3.0 Mpc) has been mapped with increasing accuracy, measuring the expansion of the universe outside the boundaries of the Local Group (Karachentsev et al. 2009 ). The Extragalactic Distance Database ), the Cosmicflow program (Courtois et al. 2011a,b; Tully & Courtois 2012) , and the Cosmicflows−2 program (Tully et al. 2013 ) are working to expand this analysis out to larger distances. The population of low mass galaxies with accurate distances from the richly populated ALFALFA data set can make an important contribution to mapping the mass in the Local Volume (LV; defined by an approximate radius of 11 Mpc).
Here, we present the distance measurements to the 12 SHIELD galaxies based on Hubble Space Telescope (HST) optical imaging and the tip of the red giant branch (TRGB) standard candle method (e.g., Mould & Kristian 1986 ). The paper is organized as follows. §2 describes the sample and summarizes the observations and data processing. §3 describes the distance determination methods and results. §4 maps the native environment around the SHIELD galaxies including all known galaxies within a radius of 1 Mpc of each system. §5 summarizes our conclusions. Future work on the SHIELD sample will include an investigation of their star formation histories (McQuinn et al., in preparation) , metallicity measurements based on nebular abundance analyses (Haurberg et al., in preparation) , and a study of the gas kinematics from VLA observations (Cannon et al., in preparation) . Table 1 lists the 12 galaxies that comprise the SHIELD sample, their coordinates and observation details. The observations were obtained with the HST using the Advanced Camera for Surveys (ACS) Wide Field Channel (WFC) (Ford et al. 1998) and are a combination of new and archival data. Eleven galaxies were part of the HST- GO-12658 SHIELD program (PI: Cannon) . Three galaxies were part of the previous HST-GO-10210 program (PI: Tully); the targets of two of these three archival data sets overlap with the SHIELD program. The observations were obtained with two filters during single HST orbits and were cosmic-ray split (CRSPLIT=2). Average integration times were 1000 s in the F606W filter and 1200 s in the F814W filter. The observations for the two galaxies that overlapped in the observing programs (AGC 111977; AGC 174585) have longer final integration times of ∼1900 s in the F606W filter and ∼2300 s in the F814W filter. The observing programs and final integration times for each galaxy are noted in Table 1 .
THE GALAXY SAMPLE, OBSERVATIONS, AND PHOTOMETRY METHOD
The images were cosmic-ray cleaned and processed by the standard ACS pipeline. The raw images showed the effects of charge transfer efficiency (CTE) non-linearities caused by space radiation damage on the ACS instrument (e.g., Anderson & Bedin 2010; Massey et al. 2010) . The CTE streaks in the images were cosmetically corrected using the HST procedure pixctecorr before being combined using MultiDrizzle. Figure 1 shows the final 3-color multidrizzled images combining the F606W (blue), the average of the F606W and F814W images (green), and F814W (red) observations. The images are oriented with North up and East left. Each field of view encompasses twice the optical major axis as determined by iteratively plotting CMDs with different elliptical parameters (see below and Table 1 ). Common to each system is a concentrated young, blue stellar population and an extended underlying red stellar population. There are also differences in morphology ranging from the rather compact nature of AGC 182595, AGC 731457, and AGC 749237, to the more elongated distribution of stars in AGC 110482, AGC 111977, and AGC 174585.
Photometry was performed on the pipeline processed, non-CTE corrected, cosmic-ray cleaned images (CRJ files) using the ACS module of the DOLPHOT photometry package (Dolphin 2000) . CTE corrections were performed using the CTE routine within DOLPHOT. The resulting photometry list was filtered on a number of the parameters measured for each point source. Only sources classified as stars with error flags <4 were kept. Cuts were made on the sharpness and crowding parameters. Sharpness indicates whether a point source is too broad (such as background galaxies) or too sharp (such as cosmic rays). Crowding measures how much brighter a star would be if nearby stars had not been fit simultaneously; stars with higher values of crowding Figure 1 . HST 3-color images of the SHIELD sample combining F606W images (blue), the average of F606W and F814W images (green), and F814W images (red). North is up and East is left. Each field of view encompasses twice the optical major axis as determined by iteratively plotting CMDs with different elliptical parameters (see below and Table 1, Columns 9−11). The galaxies host young, blue stellar populations as well as older, red underlying stellar population. A high-resolution version of this image is available in the Astrophysical Journal.
have higher photometric uncertainties. Specifically, we rejected point sources with (V sharp +I sharp ) 2 > 0.075 and (V crowd +I crowd )> 0.8.
The photometry was also filtered on the signal-to-noise ratios (SNR) of sources in each filter. The F814W photometry was filtered for sources with SNR> 5σ, ensuring only sources with high fidelity measurements are used as input to the TRGB measurement. The F606W photometry was filtered twice. First, we made a cut on sources with a SNR≥ 5σ for the purposes of creating clean colormagnitude diagrams (CMDs). Second, we made a cut to include sources with a SNR> 2.5σ. This more liberal cut in the F606W photometry avoids excluding sources with a low SNR in the F606W filter but higher SNRs in the F814W photometry, preventing the introduction of completeness effects when selecting sources for the TRGB measurements. Artificial star tests were performed to measure the completeness limit of the images using the same photometry package and filtered on the same parameters. The photometry lists were corrected for Galactic absorption based on the dust maps of Schlegel et al. (1998) ; these values are noted in Table 1 .
Spatial cuts were applied to the photometry. These cuts were determined iteratively by plotting the color magnitude diagram (CMD) of stars from concentric ellipses centered on the optical center of each galaxy with ellipticities and position angles that approximately matched the stellar distributions. Using point sources from the inner ellipses, the CMDs are dominated by stars from the galaxies. In contrast, when using point sources from the outer ellipses, the CMDs are dominated by background sources. The semi-major and semi-minor axes of the ellipses were increased until the CMDs from larger annuli matched the distribution of point sources from a field region CMD. These empirically determined estimates of the semi-major axes, ellipticities, and position angle values are listed in Table 1 . Figure 2 shows the CMDs from the photometry with SNR> 5σ in both filters. The depth of the photometry corresponds to the 50% completeness level determined from the artificial star tests. Representative photometric uncertainties per magnitude are shown. The photometric depth of the CMDs varies indicating a range in the distances to the galaxies. Most importantly for distance measurements, each CMD has a detection of the red giant branch (RGB) sequence. Figure 3 re-plots the CMD for AGC 174605 with the F606W photometry using the more liberal SNR≥ 2.5σ and the same F814W photometry. Note the lower part of the CMD is more fully populated compared to Figure 3 , thus enabling a more complete selection of stars to be included in the F814W LF. Overlaid on the CMD are Padova isochrones (z=0.002 Girardi et al. 2010 ) which highlight the expected locations of stars of different ages in the CMD. Similar to all of the CMDs shown in Figure 2, the upper main sequence (MS) is populated, indicating that the galaxies host sites of recent star formation. This is further confirmed by the presence of blue and red helium burning sequences (cf., McQuinn et al. 2011) , which are also seen in four additional CMDs in Figure 2 (AGC 110482, AGC 111977, AGC 174585, AGC 731457). The nature of the star formation histories in these galaxies based on their stellar populations will be investigated in a companion paper (McQuinn et al. in prep) .
DISTANCE DETERMINATIONS
The presence of the RGB in the photometry of the SHIELD galaxies allows us to use the TRGB method to measure the distances. Briefly, the TRGB distance method is a standard candle approach that arises from the stable and predictable I band luminosity of low-mass stars just prior to the helium flash (Mould & Kristian 1986; Freedman 1988; Da Costa & Armandroff 1990) . Photometry in the I band is preferred because the metallicity dependence is reduced compared to that of other optical bands (e.g., Lee et al. 1993) . As a discontinuity in the I band LF identifies the TRGB luminosity, the TRGB detection method requires observations of resolved stellar populations without significant crowding effects in both the F606W filter (i.e., an HST V band equivalent) and the F814W filter (i.e., the HST I band equivalent), that reach > 1 mag below the TRGB in the F814W data. In addition to a zero-point calibration, a correction for the metallicity dependence of the TRGB luminosity can be applied. We use the TRGB luminosity calibration from Rizzi et al. (2007) for the ACS filters which includes a color correction to account for varying metallicity in the stellar populations: (1) 3.1. Detection of the TRGB We used two techniques to measure the luminosity of the TRGB in the F814W photometry. First, we applied a Sobel filter edge detection technique to identify the discontinuity in the LF. However, the results from this approach are affected by the binning of the luminosity function and have greater uncertainties when applied to photometry reaching ∼ 1 mag below the TRGB (Makarov et al. 2006) . To reduce uncertainties, we used a second method employing a Maximum Likelihood (ML) technique, which takes into account the photometric uncertainties and completeness of the photometry.
Both techniques require that point sources be preselected from the photometry based on color and magnitude ranges of the RGB stars. However, the photometry in the F606W filter is not as deep as the F814W filter. Therefore, if uniform photometric cuts are applied to both filters, completeness effects are introduced from the bluer filter for sources with higher, and still acceptable, SNRs in the redder filter. Thus, as mentioned in §2, we used more liberal SNR cuts in the F606W photometry lists for identifying which point sources to be used in the TRGB measurements. Once identified, only the F814W LF is used to measure the TRGB luminosity. As noted above, Figure 3 shows the photometry for AGC 174605 created from the F814W photometry with a SNR> 5σ and the F606W photometry with a SNR> 2.5σ. The dashed black line encompasses the point sources used for the determination of the TRGB luminosity. Similar regions outlining the magnitude and color ranges for the rest of the sample are shown in the CMDs in Figure 2. 3.1.1. Sobel Filter The first method determines the TRGB luminosities by identifying the break in the F814W LF using a Sobel edge detection filter (Lee et al. 1993; Sakai et al. 1996 Sakai et al. , 1997 . The bin width of the F814W LF was varied from 0.05 mag to 0.10 mag depending on the quality of the data. The choice of bin size affects the measured uncertainties in the distances and is discussed in more detail below. A Sobel edge detection filter (Sakai et al. 1996) was then applied to the F814W LF of the selected stars. Figure 4 shows the LFs (solid lines) and Sobel filter responses (dotted lines) from the data. The dashed red lines mark the luminosities identified as the TRGB discontinuities.
Note that the Sobel responses often have more than one significant peak. In order to determine which peak corresponds to the TRGB discontinuity, we checked each response against the data in the CMDs. For example, in AGC 112521, there are two peaks in the Sobel response which occur at F814W magnitudes of 24.95 and 25.38. The peak response at 24.95 mag corresponds to The TRGB luminosities based on the Sobel filter responses and the uncertainties are shaded in red in the CMDs shown in Figure 2 . The uncertainty in the Sobel filter responses are based on the half-width at half maximum of the Sobel filter response. In galaxies like AGC 111164 that have well populated RGBs, photometry reaching nearly 2 mag below the TRGB, and few potentially non-RGB point sources near the TRGB in the CMD (i.e., from background contamination or asymptotic giant branch (AGB) stars), an F814W LF bin width of 0.05 mag yields a Sobel filter response with one significant peak that is fairly narrow. In this case, the uncertainty in the Sobel response is ±0.08 mag. In other galaxies, like AGC 111946, that have photometry reaching only ∼ 1 mag below the TRGB and a larger number of potentially non-RGB point sources near the TRGB, an F814W bin width of 0.10 mag is needed to produce a Sobel filter response with a peak for the TRGB discontinuity. In this case, the uncertainty in the Sobel response is ±0.20 mag. The second method determines the TRGB luminosities by fitting a parametric RGB luminosity function to the observed distribution of stars (e.g., Sandage et al. 1979; Méndez et al. 2002; Makarov et al. 2006) . The strength of this approach is that the probability estimation takes into account the photometric error distribution and completeness using artificial star tests (see Makarov et al. 2006 , for a full discussion). For the theoretical LF, we assumed the following form:
Maximum Likelihood Technique
where A has a normal prior of 0.30 and σ = 0.07; C has a normal prior of 0.30 and σ = 0.2. This is the same theoretical LF form used in Makarov et al. (2006) . A and C were treated as free parameters for most of the sample, with the exceptions of AGC 731457 and AGC 749237. In these two cases, the photometry was not deep enough to constrain the RGB LF and, thus, the values of the LF slopes were fixed at 0.3. The returned value of m T RGB of the most likely solution is the best fit to the data. The range in solutions returning log(P) within 0.5 of the maximum gives the uncertainty (as is the case with a normal distribution). The results of the ML technique are overplotted as solid black lines on the CMDs in Figure 2 , and solid red lines on the LFs in Figure 4 . Table 2 lists the TRGB luminosities identified both by the Sobel filter and by the ML technique; Figure 2 shows the Sobel filter results with uncertainties shaded in red and the ML result drawn as a solid black line.
Overall, the results from both the Sobel filter and ML methods agree within the uncertainties. In all but 2 cases, the Sobel filter response returns a brighter magnitude (closer distance) for the TRGB. It is well established that Sobel filer results are dependent on the LF bin size and bin placement, and therefore, are generally biased towards bright RGB stars. This difference is small for the galaxies with photometry reaching ∼ 2 mag below the TRGB with lower photometric uncertainties. For example, TRGB luminosities measured by the Sobel filter and ML technique are in very close agreement for AGC 111164, AGC 111977, AGC 112521, AGC 174585, AGC 748778, and AGC 749241. The difference in TRGB luminosities measured by the two methods is larger for some of the systems with photometry only reaching ∼ 1 mag below the TRGB (e.g., AGC 111946, AGC 174605, and AGC 731457). In these cases, the higher photometric uncertainties degrade the statistical sampling of the LF and can effect the Sobel filter response. The same effect is not as problematic for the ML technique as photometric incompleteness is taken into account by the artificial star tests.
As the ML technique does not rely on binning and includes photometric uncertainties and completeness, we adopt the TRGB luminosities from the ML technique for all galaxies.
Calculating the Distance Moduli
The TRGB luminosities identified by the ML technique were converted to distance moduli using Equation 1 and the average F606W -F814W color of the stars in the TRGB region of the CMDs. Table 2 lists the magnitude of the identified break in the F814W LF, the average F606W-F814W color of the stars in the TRGB regions, the calculated distance moduli, and the corresponding distance for each galaxy. The uncertainties are based on adding in quadrature the uncertainties from the ML technique, photometry, artificial star tests, and TRGB calibration. The distances to the SHIELD galaxies range from 5 − 12 Mpc. Table 2 lists previously reported distances to the galaxies derived using various distance methods. First, TRGB distances were previously measured for two galaxies, AGC 111164 and AGC 111977, by Tully et al. (2006) using ACS observations and by Karachentsev et al. (2003) using WFPC2 observations. Our measured TRGB distances are in agreement with the values from Tully et al. (2006) . The slight fractional differences in the TRGB distances of 4% for AGC 111164 and 8% for AGC 111977 are due to the use of the different zero-point calibration of the TRGB luminosity without a metallicity dependency correction of M I = −4.05 mag in Tully et al. (2006) . Our measured TRGB distances are somewhat larger than those derived from the WFPC2 data in Karachentsev et al. (2003) . The fractional differences in TRGB distances of 8% for AGC 11164 and 21% for AGC 111977 are due to the higher uncertainties from the shallower WFPC2 data and from differences in the applied zero-point calibrations.
Second, distances were previously estimated to three galaxies, AGC 110482, AGC 111946 , and AGC 112521 (Zitrin & Brosch 2008) , based on membership to the NGC 672 galaxy group. The average distance to this group (D ∼ 7.2 Mpc) was previously used as a distance estimate for these three systems. Our measured TRGB distances improve upon these estimates with fractional differences ranging from −10% to +20%.
Finally, distances to seven systems were estimated in the ALFALFA survey using a parametric multi-attractor flow-model developed by Masters (2005) with further discussion presented in Yahil (1985) , Tonry et al. (2000) , and Martin et al. (2010) . Preliminary flow-model distances to these systems were reported in Cannon et al. (2011) and are listed in parentheses in Table 2 . The model parameters were updated and final flow-model distances were reported in the ALFALFA catalogue ) with uncertainties of 2.3 Mpc, listed without parentheses in Column 9 of Table 2. Note that the flow-model distance to one galaxy, AGC 749241, has a higher uncertainty as this system is located in the complicated velocity field surrounding the Coma I cluster. While the flow-model distance to this galaxy is a close match to the TRGB distance, it is likely only coincidence. The fractional differences between the TRGB distances reported here and the flow-model distances reported in Haynes et al. (2011) range from 0% to 73%; where discrepant, the flow-model estimates are all closer. The method used to estimate the distance to one galaxy, AGC 749237, was changed from a flow-model approach to one based on potential membership to the CVnI group. While the heliocentric radial velocity of 372 km −1 for AGC 749237 is consistent with the velocities of members in this group, the TRGB distance reported here places the galaxy farther than the CVnI group.
The fact that the flow model distances are smaller for this subsample also means that the Hi mass estimates used in selecting the sample were underestimated. Thus, the use of these distances introduced a bias in the sample. In fact, with the exception of AGC 112521, the distance estimates used to construct the SHIELD sample were all underestimates relative to our new TRGB distances. This should come as no surprise, in hindsight, due to the way the sample was selected. Since the goal of SHIELD was to study ALFALFA galaxies with the lowest HI masses, it is natural that the sample selection would preferentially include objects whose large distance uncertainties biased their distances low. While this bias does mean that the properties of the SHIELD galaxies are not as extreme as originally thought, it does not negate the integrity of this study since the sample galaxies truly are low HI mass systems (see below). This should serve as a caution against adopting flow-model distances, especially for nearby galaxies, since the differences in distance between the two methods are in several cases substantially larger than the 2.3 Mpc uncertainty indicated in Haynes et al. (2011) . Table 2 also lists the Hi masses of the galaxies based on the ALFALFA fluxes reported in Cannon et al. (2011) and our reported distances. The Hi masses range from 4 × 10 6 to 6 × 10 7 M ⊙ , with a median Hi mass of 1 × 10 7 M ⊙ and 5 galaxies with an Hi mass below 10 7 M ⊙ . This range of Hi masses overlaps with previous studies on low mass galaxies. For example, the FIGGS sample has an Hi mass range of 2 × 10 6 to 8 × 10 8 M ⊙ , with a median Hi mass of 3 × 10 7 M ⊙ and 8 galaxies with an Hi mass below 10 7 M ⊙ (Begum et al. 2008) . The LITTLE THINGS sample has an Hi mass range of 2 × 10 5 to 7 × 10 8 M ⊙ , with a median Hi mass of 9 × 10 7 M ⊙ and 6 galaxies with an Hi mass below 10 7 M ⊙ (Hunter et al. 2012) . Finally, the VLA-ANGST sample has an Hi mass range of 1 × 10 5 to 1 × 10 9 M ⊙ , with a median Hi mass of 2 × 10 7 M ⊙ and 15 galaxies with an Hi mass below 10 7 M ⊙ ; 6 of these are upper limits (Ott et al. 2012 ).
NEAREST NEIGHBORS TO THE SHIELD GALAXIES
As new distance measurements to low mass galaxies become available, the spatial distribution of galaxies populating the lower end of the galaxy luminosity function can provide important tracers of mass in low density regions. It has been estimated that approxi- Figure 5 . Super Galactic (SG) coordinates show the 3-D distribution of the SHIELD sample relative to known galaxies, and help trace the distribution of matter in low luminosity environments with a low concentration of galaxies. Plotted in the first three panels are the SGX, SGY, and SGZ coordinates of the SHIELD galaxies (filled black circles), nearest neighbors to AGC 731457 (yellow star), AGC 749241 (unfilled cyan squares), AGC 174585 (green crosses), the NGC 784 group (filled blue squares), and the NGC 672 group (filled red circles). The final panel shows the same galaxies in SGL and SGB. The galaxies in the surrounding environments of the SHIELD sample were identified based on a spatial algorithm search using the Updated Nearby Galaxy Catalog (Karachentsev et al. 2013) . The black boxes in the first panel highlight four regions that are shown in more detail in Figure 6 . mately half of the galaxies in the LV reside in virialized groups and clusters (Tully 1987; Crook et al. 2007; . Another 20% are estimated to be located in the collapsing regions around groups and clusters . The majority of dwarf galaxies not residing in and around groups or clusters are thought to exist in associations or bound structures of very low luminosity densities (Tully et al. 2002 (Tully et al. , 2006 . In support of this result, a recent study of 10,900 galaxies with radial velocity measurements of V LG < 3500 km s −1 , found that "orphaned" galaxies make up only 4.8% of the galaxy population . In other words, even though the LV is a relatively low density environment, few galaxies are thought to be truly isolated.
Accurate distances to the SHIELD galaxies enable an identification of their nearest neighbors, furthering efforts to identify galaxy structures and trace the distribution of matter over a larger volume. Using the updated Nearby Galaxy Catalog (Karachentsev et al. 2013) , we have searched for galaxies that are within a radius of 1 Mpc around the SHIELD sample in Supergalactic (SG) coordinates. Because the SG spherical coordinate system has its equator aligned with the major planar structure in the local universe (de Vaucouleurs 1953), SG coordinates help visualize the 3-D spatial distribution of nearby galaxies relative to the planar structure. Particularly useful are the SGX, SGY, and SGZ coordinates, defined in the standard way: Figure 5 shows the 3-D distribution in SG coordinates of the SHIELD sample and known galaxies within a 1 Mpc radius of each system. The first three panels in Figure 5 plot the SGX, SGY, and SGZ coordinates. The final panel plots the sky projected SGL and SGB coordinates of these galaxies. The SHIELD galaxies are plotted as filled black circles. The rest of the galaxies are color coded according to either known membership in a group or simply as nearest neighbors to a SHIELD system as follows: NGC 784 group (filled blue squares), NGC 672 group (filled red circles), nearest neighbors to AGC 749237 (yellow star), AGC 749241 (unfilled cyan squares), AGC 174585 (green crosses). The boxes highlight four different regions in SG coordinates that encompass the SHIELD galaxies. Each of these regions is shown in more detail in Figure 6 . Figure 6 expands the SG plots from the four regions highlighted in Figure 5 . The galaxies are color coded as in Figure 5 . Note that some of the regions have multiple SHIELD galaxies. Thus, the volumes encompassed by each plot are different. Eight SHIELD galaxies are located in regions with other galaxies. Four systems, AGC 174605, AGC 182595, AGC 748778, and AGC 749237 have no known galaxies within a radius of 1 Mpc. We summarize the environments around each of the SHIELD galaxies in detail below.
4.1. The Environment Around AGC 731457 AGC 731457 is located in region (1) in Figure 5 and the first plot of Figure 6 . This system has one neighbor, DDO 83, located 0.9 Mpc away. The heliocentric velocity of DDO 83 is 582 km s −1 , compared with a velocity of 454 km s −1 for AGC 731457. Given the large physical separation and difference in velocities, it is unlikely that these galaxies are associated. At the greater distance of these systems (∼ 11 Mpc), there may be additional low-mass systems that have yet to be identified or lack reliable distance measurements.
The Environment Around AGC 749241
AGC 749241 is located in region (2) in Figure 5 and the second plot of Figure 6 . This system resides in a more highly populated region with 8 low mass galaxies and one more massive spiral galaxy, NGC 4656. NGC 4656 has been identified as a member of the 14−6 group (Tully 1988; Tully et al. 2008) . The nearest neighbor to AGC 749241 is IC 3840 at a distance of 0.5 Mpc. IC 3840 has an heliocentric radial velocity of 557 km s −1 , com- pared with a velocity of 451 km s −1 for AGC 749241. The string of galaxies ranging from KDG 215 to LVJ1217+3231 lie along the same plane in SG coodinates creating a linear structure reaching 1.6 Mpc from end to end. The radial velocities of these galaxies range from 419 km s −1 for KDG 415 to 630 km s −1 for NGC 4656; four of the galaxies have velocities clustered between 419 km s −1 and 480 km s −1 . A likely explanation of the tight linear structure is that these systems are arranged along a dark matter filament.
4.3. The Environment Around AGC 174585 AGC 174585 is located in region (3) in Figure 5 and the third plot of Figure 6 . This system does not have any close association with other systems, but lies ∼ 0.9 Mpc from the previously identified association, 14 + 19, which includes DDO 47, KK 65, UGC 4115, and UGC 3755 (Tully et al. 2006) . The Hi velocities of the members of the 14+19 range from 272−341 km s −1 , compared with a velocity of 356 km s −1 for AGC 174585. Given the large physical separation, it is unlikely that AGC 174585 is part of the 14 + 19 association. (3), and AGC 748778 is located in region (4) in Figure 5 . No known galaxies were identified within a 1 Mpc radius of these four galaxies. The four SHIELD galaxies have properties (i.e., late morphological type, low luminosity, significant gas content) consistent with other known isolated galaxies . The closest systems identified are as follows:
• AGC 174605: Closest neighbors are the pair of galaxies DDO 47 and KK 65 at a distance of 3.2 Mpc that are part of the 14 + 19 association.
• AGC 182585: Closest neighbor is the galaxy LSBCD564−0 at a distance of 1.3 Mpc. AGC 174605 and AGC 182595 have no galaxies within a radius of 1 Mpc; these are truly isolated galaxies.
• AGC 748778: Closest neighbor is the galaxy UGC 00685 at a distance of 2.4 Mpc.
• AGC 749237: Closest neighbor is the galaxy IC 3308 at a distance of just over 1 Mpc.
Note that three of these systems are at distances greater than 10 Mpc. Thus, their isolation may be due to our incomplete knowledge of the galaxy population at these larger distances.
4.5. The Environment Around AGC 110482, AGC 111164, AGC 111946, AGC 111977, AGC 112521: The NGC 672 and NGC 784 Groups There are six SHIELD galaxies located in region (4) in Figure 5 and the final plot of Figure 6 . With the exception of AGC 748778 (discussed in the previous subsection), all of the SHIELD systems have been previously associated with two galaxy groups, namely the NGC 672 and NGC 784 groups (e.g., Karachentsev et al. 2004) . Specifically, AGC 110482, AGC 111946, and AGC 112521 have been identified as part of the NGC 672 group. The heliocentric radial velocities of the 3 SHIELD galaxies range from 274−367 km s −1 compared with the higher velocity of 429 km s −1 for NGC 672. AGC 111164 and AGC 111977 have been identified as part of the NGC 784 group. The radial velocities of these two SHIELD galaxies are 163 and 207 km s −1 , which bracket the measured 193 km s −1 velocity of NGC 784. In addition, AGC 111945, another low-mass galaxy detected in the ALFALFA survey with a stellar component identified in SDSS imaging, has been previously linked to these 2 groups of galaxies. This galaxy has a very similar Hi mass and optical luminosity as the SHIELD sample (cf., Cannon et al. 2011) . Finally, two other systems, AGC 122834, a small (i.e., 15 ′′ ) dIrr galaxy, and AGC 122835, an Hi cloud with no identified optical counterpart, have been identified as possible members of the NGC 784 group (Zitrin & Brosch 2008) . However, as these systems lack secure distances, we do not include them in Figures 5 or 6 . Our new distances revise the spatial distribution of the 5 SHIELD galaxies relative to the larger group members, and places AGC 111946 at a farther distance from NGC 672. Together, these galaxies create a clear structure in SG coordinates connecting the NGC 784 and NGC 672 groups. A previous study of the two groups reported that the galaxies form a single kinematic ensemble (Zitrin & Brosch 2008) . These authors suggest that the galaxies in both groups are located on a dark matter filament in a low-density galactic environment. The 3-D distribution of these 5 SHIELD galaxies and the other members of the NGC 672 and NGC 784 groups in Figure 6 supports the conclusion that these systems are part of a single kinematic structure, tracing the distribution of matter in this region. The total structure is highly linear, and extends just over 4 Mpc from UGC 01281 to AGC 111946.
Many of these galaxies have blue optical colors indicative of recent star formation, including the more massive systems in the groups (e.g., NGC 672, IC 1727, and NGC 784), and the lower mass SHIELD galaxies. The starburst in NGC 784 has been studied in detail by McQuinn et al. (2010 McQuinn et al. ( , 2012 . These authors report the star formation in NGC 784 is distributed across the optical disk of the galaxy and has been on-going for 450±50 Myr. The star formation activity in these groups has been attributed both to interactions between galaxies (e.g., NGC 672 and IC 1727; Combes et al. 1980; Sohn & Davidge 1996) and to accretion along the filament (Zitrin & Brosch 2008) . However, additional Hi observations obtained on the Green Bank Telescope have failed to detect any lower mass Hi clouds down to a 5σ mass detection threshold of 6 × 10 6 M ⊙ , in contradiction to the accretion model (Chynoweth et al. 2011 ).
CONCLUSIONS
We have used optical imaging of resolved stellar populations obtained from the HST to measure the TRGB distance to 12 low-mass, gas-rich galaxies in the SHIELD program. The distances to the galaxies range from 5 − 12 Mpc. The CMDs show a population of young main sequence stars indicating these systems have experienced recent star formation. A subset of the sample also shows red and blue helium burning sequences suggesting the recent star formation has been on-going for 100 Myr. The star formation histories will be investigated in detail in a future paper (McQuinn et al. in prep) . Five galaxies are part of two galaxy groups, NGC 784 and NGC 672, which are likely a single, bound kinematic structure. AGC 174585 is located ∼ 1.0 Mpc away from the previously identified association of galaxies, 14 + 19, but is likely unbound to this structure. Similarly, AGC 731457 lies 0.9 Mpc from another system, DDO 83. AGC 749241 is situated in a more populated volume, forming part of 1.6 Mpc linear structure with six other galaxies. Similarly to the NGC 672 and NGC 784 groups, these galaxies are likely bound, lying along a dark matter filament. The nearest neighbor identified is ∼ 0.5 Mpc away. Four galaxies, AGC 174605, AGC 182595, AGC 748778, and AGC 749237 appear to be truly isolated with no known neighbors identified within a radius of 1 Mpc, although three of these galaxies are at relatively large distances (i.e., 10 Mpc) where our knowledge of the galaxy population is incomplete.
Based on the distances and the Hi measurements from the ALFALFA survey, the SHIELD galaxies have Hi masses ranging from 4×10 6 to 6×10 7 M ⊙ , with a median Hi mass of 1×10 7 M ⊙ and 5 galaxies with an Hi mass below 10 7 M ⊙ . Thus, the SHIELD program probes the low mass regime of gas-rich galaxies in a larger cosmological volume than previous surveys. As these 12 galaxies were selected from the first ∼ 10% of the reduced ALFALFA database, it suggests that a large sample of low luminosity galaxies in this mass range exists in the nearby universe. Nominally, one might expect the total yield from the ALFALFA survey to be 10× greater. However, investigation of the first 40% of the ALFALFA catalogue suggests the true yield of low luminosity galaxies with low Hi velocities and inferred masses is likely more than 12× greater.
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